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A Non-Destructive, Non-Contact, Quality Test of
Critical Current for Ag-BiSCCO Tape
Alberto Gandini, Roy Weinstein, Drew Parks, Ravi-Persad Sawh, and Shi Xue Dou

Abstract—An accurate noncontact method of characterizing
Ag-BiSCCO tape is reported, using the trapped field,
, of a
field-cooled tape. The dimensions of the tape make it possible to
calculate in closed form a very simple expression, relating trapped
field to transport current. Short lengths of tape, 4 (cm), are used
to experimentally confirm the model. The model applies to any
length of tape for which length is greater than 5 times the tape
width. A schematic of a proposed test apparatus is presented
which should permit on-line testing for magnitude of the current,
and for cracks, while the tape is in motion during production.
Index Terms—BiSCCO tape, critical current density, high temperature superconductors, trapped magnetic field.
(a)

I. INTRODUCTION

L

ONG tapes of Ag/Bi-2223, made by powder-in-tube processes, are now being produced commercially [1] as well
as by university research groups [2]. It is useful prior to completion of the final product to discover any faults which reduce the
current carrying capacity of the tape. This information may then
be used as part of the continuous process. Contact measurements
are undesirable because generally they require the tape production to be stopped. In addition, the tape is subject to fracture by
the contact forces.
The approach we use to determine the transport current is to
measure the trapped field, , by a Hall probe. Motivation for
this approach is based upon its success in characterizing trapped
field magnets (TFM’s) [3]–[6]. For example, TFM’s of Y-123
can be evaluated for faults, cracks, multi-grain structure, etc.
on the surface of a single grain
Fig. 1(a) is a graph of
TFM, a cylinder of dimensions 2.0 cm diameter, and 0.8 cm
height. Fig. 1(b) is a similar sample, which has been cracked
under magnetic pressure [7]. We note that at the time of the
the applied field was removed.
measurement
Hall probe measurements have been previously used also to
detect inhomogeneities in the current pattern in mono-filamentary and multi-filamentary Ag/BiSCCO tapes [8]–[10].
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(b)
Fig. 1. (a) Trapped field observed on YBCO samples 2 cm diameter and 0.8 cm
tall. Result for a single grain. (b) Trapped field observed on YBCO samples 2 cm
diameter and 0.8 cm tall. Result for a grain cracked under magnetic pressure.

II. THEORETICAL DESCRIPTION
To estimate the critical current, , by measuring
we apply
the Bean model [11], i.e., we assume an uniform current flow
through the sample. This current sustains the trapped field, .
We represent the Ag/Bi-2223 tape, of width , as two par. We assume the width of the
allel tapes, each of width
BiSCCO equals the width of the tape. When supporting trapped
field perpendicular to the plane of the tape ( direction) these
, in opposite directions. We
two tapes each carry current
approximate the long dimension of the tape, , as infinite and
the thickness, , as infinitesimal. We denote by the height of
the Hall probe above the tape, and by the horizontal displacement of the probe from the center line of the tape (the axis).
We approximate the Hall probe as a point.
and , we conIn order to derive a relationship between
sider the tape as a sum of an infinite number of tapes of infini, each carrying a current
. This aptesimal width,
proximation allows us to readily compute , as function of ,
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Fig. 2. Trapped field, perpendicular to the surface of an Ag-BiSCCO tape,
versus position along length of tape. Uncracked region is between 1.9 cm and
0. Continuous line is from (1) for a I of 29.9 A. Crack is clearly visible at
z
2:2 cm.



by using the Biot–Savart law for each infinitesimal tape and then
integrating over . This results in:

(1)
If a more accurate theory is desired, either the two-parameter
Kim–Bean model [12] or the simpler two-parameter model [3],
[4] can be used. For our purpose here, (1) is sufficiently accurate.
The accuracy of (1) depends on the accuracy of the Bean
, and the moderately large
model, a large value of
. In particular, large values of
mean
value of
that (1) applies to tapes of infinite length.
III. EXPERIMENTAL
Several Ag-BiSCCO tapes were scanned longitudinally and
transversally by means of a Hall probe attached to an –
plotter. The samples are 4 cm long, 3.2 mm wide, and
1.5 mm thick. Thus
,
, and (1) should
apply well in the limit of infinite length. is measured via the
four-point technique, using a criterion of 1 V/cm. The current
carried at 77 K, in self-field, varies among our samples from
20–32 A.
First, we scanned the trapped field longitudinally along the
tape length. The Hall probe was positioned at a distance
mm above the center of the tape, such that
.
The samples were cooled in an applied magnetic field,
mT generated by Helmholtz coils. The direction of the applied field was perpendicular to the plane of the tape. Using a
Hall probe, the vertical trapped field component was measured
at about 150 points along the -axis, parallel to the length of
vs. . First, we consider the
the tape. Fig. 2 shows a plot of
cm, where the transport critical current mearegion
A. From this, (1) predicts a trapped field of
sured was
10.3 Gauss. In this case (1) contained only two parameter , and
. We used
mm. The measured field is 10.9 Gauss,
within 6% of the predicted value, despite the simplified model
used.
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Fig. 3. Trapped field, perpendicular to the surface of an Ag-BiSCCO tape,
versus transverse position on the tape (B versus x). Continuous line is obtained
by the least squared method using (1). The best fitting results in a critical current
of 31.9 A, where the transport I measured by means of the four-point technique
yields I = 31:4 A.

In the region
cm, the measured values of
vary.
This is noise in the Hall probe detector. The value of the standard
% ,
deviation in this region is 0.041 mT. Thus,
and the signal to noise for the trapped field is over 26. For the
cm, Fig. 2 shows the effect
region of tape with
of a crack. This shows that, in Ag-BiSCCO tapes, as in Y123
TFM’s [5], cracks can be easily seen despite the low trappedfield. The physical crack was very narrow. The structure of the
vs. , near the crack, indicates that
experimental values of
(mm). The
spatial resolution in , of the Hall probe, is
space between the Hall probe and the tape, and the size of the
Hall probe account for this. A closer and smaller Hall probe will
improve the spacial resolution.
across the width of
Measurements of the trapped field,
the tape were also done. Fig. 3 shows the data on trapped field.
Data were then fit to (1), with as the only free parameter. For
mm (external tape width), and
this sample, we used
mm. By means of least squares method (1) yields
A. for this tape measured by the four point techniques
was 31.4 A. Thus the predicted and measured currents agree
to better than 2%.
IV. DISCUSSION
We conclude that Ag-BiSCCO tape can be accurately tested
for local current, , and for cracks, in a noncontact, nondestructive way, using trapped field. The agreement between ,
measured by the four-point technique, and that measured by a
trapped field method is excellent. Both the theoretical model
and the experiment should be independent of the length for
mT. In Fig. 4, we show a schematic of a possible test
device based upon these considerations. The Ag-BiSCCO tape
is fed into a cryostat. This can be as simple as a covered trough,
filled with liquid nitrogen. A magnetic field,
is applied in the region where the tape is cold (i.e., the tape
is
in the critical
is zero field cooled, ZFC). Here,
state. The Bean model indicates that it requires about twice the
field to activate to the critical state via ZFC than via FC. The
transducers for this device (a Hall probe, several Hall probes,
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measure variations in current larger than 3.8%. It can also
locate the position of cracks in the tape to 2 (mm). These
resolutions can be further improved by reducing the hall probe
area, moving closer to the tape, or averaging over noise.
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